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UnSODCXT-lOH 

Passive  armor  has  been  used  as  a  defense  through  the  centuries 
ever  since  the  Stone  Age.  It  has  finally  lost  the  race  against 
attack  weapons  with  the  Invention  of  high-penetration  rounds  of  the 
kinetic  energy  and  the  shaped  charge  type.  As  these  rounds  have  a 
penetrating  power  of  10  and  more  inches  of  steel,  a  tank  carrying 
sufficient  armor  to  stand  up  to  them  would  no  longer  he  acceptable 
by  considerations  of  weight,  maneuverability  and  air-transport¬ 
ability. 


A  precising  tank  defense  against  high-penetration  rounds  con¬ 
sists  of  equipment  that  intercepts  and  defeats  the  attacking  round 
by  a  high-velocity  defending  round.  This  is  the  principle  of  what 
is  now  called  Dynamic  Armor. 


Credit  for  the  basic  idea  is  due  to  Picatinny  Arsenal.  Tech¬ 
nical  responsibility  for  the  over-all  project  rests  with  Detroit 
Arsenal.  Picatinny  Arsenal  takes  care  of  the  development  of  the 
defending  charges,  arid  the  Diamond  Ordnance  Fuze  Laboratories  are 
in  charge  of  the  sensing  system. 

DESCRIPTION  OF  DYNAMIC  ARMOR 


The  system  presently  under  investigation  at  DOFL  is  an  optical 
one.  It  employs  infrar-o -optical  sensing  screens  which  detect  the 
approach  of  anti-tank  rounds,  and  an  electronic  computer  which 
measures  velocity,  direction  and  height  of  attack,  computes  the 
firing  time,  and  generates  a  firing  pulse  to  detonate  a  linear 
shaped  charge  on  the  tank  in  the  right  position  and  at  the  right 
time  to  defeat  the  round. 

The  sensing  system,  figure  1,  consists  of  three  optical  screens 


256 


SECRET 

'SD-  -  s" 


‘  '  ■  *  i  > 

Best  Available  C 


rv' 


SECRET 


'  -  - .  r- - - -  -  . .  ~~ 

This  document  Is  the  property  of  the  United  States 
Government.  It  is  furnished  for  the  duration  of  the  contract  and 
shall  be  returned  when  no  longer  required,  or  upon 
recall  by  ASTIA  to  the  following  address: 

Armed  Services  Technical  Information  Agency,  Arlington  Hall  Station, 

_ _ _ _ _ Arlington  18,  ^ginia  ' 

NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 


NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 


OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 
THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 


ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW, 


STRAUB 


SECRET 


I,  2,  Anri  3,  which  originate  at  the  tank  vail,  k,  where  a  suitable 
number  of  defending  linear  shaped  charges,  cj,  is  also  located.  Two 
of  the  screens,  1  and  2,  are  parallel,  while  the  third,  3>  iaakes  an 
angle  with  the  other  two.  Each  screen  is  made  up  of  numerous, 
parallel  sensing  elements,  each  of  which  la  a  composite  cf  two 
columns,  an  illuminating  beam  and  a  detecting  charnel,  adjacent  and 
parallel  to  one  smother.  Each  pair  of  these  columns  originates  at 
a  sensing  unit  which  consists  of  two  ™an  parabolic  reflectors,  6 
and  7 that  have  a  light  bulb  and  a  light  detector  respectively  at 
their  focal  points,  figure  2.  Near  infrared  filters  over  the  light- 
bulbs  cut  out  ail  visible  light.  The  detectors  that  are  presently 
used  for  the  experimental  work  are  FbS  cells.  Three  rows  of  sensing 
units  malrdng  suitable  angles  with  the.  vertical  and  with  suitable 
spacing  between  one  another  will  be  lined  up  along  the  periphery  of 
the  tank. 

qpmraoN  cf  dynamic  armor 

An  oncoming  round,  8,  -figure  1,  traverses  at  least  one  sensing 
element  in  each  of  the  tiu-ee  optical  screens  at  points  9,  10,  and 

II.  It  intercepts  in  each  of  them  the  light  of  the  illuminating 
beam  and  reflects  a  portion  of  it  back  to  the  detector  at  the  base 
of  the  detecting  channel .  In  this  manner,  at  least  one  detector  in 
each  of  the  screens  is  alerted. 

The  positions  in  space  of  the  traversed  beams  are  known  from 
the  design  data.  The  transit  times  for  the  round  to  move  from  a 
sensing  element  in  the  first  screen,  1,  to  those  in  the  two  follow¬ 
ing  screens  °  end  3,  are  measured  by  the  computer  system  as  time 
differentials  oetween  electric  pulses  that  are  caused  by  alerting 
the  first  and  the  two  consecutive  detectors.  -From  these  time 
differentials,  from  the  design  data,  and  from  the  known  fragment 
velocity  of  the  defending  charge,  the  computer  will  select  a 
defending  charge,  12,  -which  is  in  the  right  position,  and  generate 
a  firing  pulse  at  the  right  time  so  that  the  defending  charge  frag¬ 
ments  and  the  round  arrive  at  the  same  point,  15,  at  the  same  time. 

A  computer  is  under  construction  that  can  be  expected  to 
accomplish  this  for  rounds  -which  approach  in  directions  up  to  60° 
from  the  tank  wall  vertical  at  velocities  from  200  to  5000  ft/sec 
and  elevation-  from  about  one-half  to  5  ft. 

RESULTS 


Experiments  have  been  made  at  DOFL  with  a  simplified  arrange¬ 
ment,  figure  5,  that  consisted  c:’  one  vertical  slice  only  of  the 
described  system;  that  it,  of  only  three  sensing  beams,  one  out  of 
each  of  the  three  screens.  This  oet-\;p  vas  used  to  record  pulses 
from  1"  diam.  simulated  missiles  which  were  fired  from  an  air  pm 
with  velocities  from  200  to  1C00  ft/ sec,  and  from  75  era  inert 
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artillery  rounds  which  were  fired  at  the  DO FL  Test  Area  with 
velocities  from  1UOO  to  2600  ft/sec. 

Figure  k  shows  a  typical  oscillogran,  with  the  round  coming  in 
from  the  right.  The  lower  trace  records  the  two  pulses  from  the 
passage  of  the  round  through  the  first  and  the  third  optical  screen; 
in  the  middle  trace  is  the  pulse  due  to  the  round  going  through  the 
second  screen  which  is  parallel  to  the  first.  The  two  pulses  in 
the  tipper  trace  are  caused  by  the  round  waving  contacts  in  two 
double  aluminum  foil  screens  which  were  placed  in  the  trajectory 
at  a  known  spacing. 

The  time  differential  between  the  first  pulse  in  the  lower 
trace  and  the  one  in  the  middle  trace,  and  that  between  the  two 
pulses  in  the  upper  trace  made  possible  two  independent  determi¬ 
nations  of  the  same  velocity.  Both  checked  within  a  few  per  cent 
for  all  velocities  used. 

In  addition  to  the  velocity,  one  can  also  determine  the 
elevation  of  the  trajectory,  that  is,  its  distance  from  the  apex 
of  two  diverging  screens,  if  one  compares  the  time  differential  Hum 
the  two  diverging  screens  with  that  from  the  parallel  screens. 
Determinations  so  made  also  checked  with  direct  measurements  of 
that  distance.  From  the  velocity  and  distance  obtained  in  this 
way,  the  computer  determines  the  firing  time  of  the  defending 
charge. 

That  the  spatial  resolution  is  sufficient  to  provide  accurate 
enough  Information  to  the  computer  for  the  selection  of  the  right 
defending  charge  to  be  fired  was  proven  with  an  experimental  set-up 
of  three  slices;  that  is,  of  nine  sensing  beams. 

OTHER  CONSIDERATIONS 


Hie  Dynamic  Armor  System  must  not  respond  to  accompanying 
personnel  moving  near-by,  to  variations  in  ground  reflectivity, 
moving  clouds  or  overhanging  tree  branches.  To  this  effect,  high- 
pass  electrical  filters  that  onJy  transmit  frequencies  above  about 
200  cjcles/second  will  be  used. 

In  ?.  tank  that  j-  quipped  -with  Dynamic  Armor,  it  will  n't  be 
desirable  to  waste  my  defending  charges  on  small-arms  fire,  while 
rounds  above  a  certain  caliber  should  be  safely  defeated.  This 
condition  can  be  fulfilled  (l)  by  arranging  the  sensing  beams  at 
such  a  spacing  that  no  large-caliber  round  can  slip  through 
unnoticed,  (2)  by  setting  up  an  additional  condition  that  at  least 
two  adjacent  sensing  elements  in  each  screen  have  to  be  alerted  in 
order  to  alert  the  computer,  so  that  small  arms  bullets  ’which  pass 
only  one  sensing  element  will  not  be  noticed,  and  (j)  by  let.  tng  on 
the  tank  some  residual  armor,  only  about  l-l/2  inch  thick,  thovt 
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will  defeat,  saal  1  -arms  fire. 

COSCLUSIOH 

There  regains  in  this  project  a  gre.t  ■  -uiber  cf  problems  that 
have  yet  to  be  solved.  But,  if  Dynamic  Arj--  in  be  completed 
successfully,  the  Argy  will  be  provided  with  .  tank  which  gay  be 
heavily  arraed,  and  u>ay  be  so  light  in  weight  that  it  can  be 
transported  by  air. 
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Figure  1.  Diagram  of  dynamic  armor  sensing  system. 
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Figure  2.  Smving  unit. 
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Figure  3.  One  slice  systen  aounted  over  alrgun. 
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Figure  4.  Typical  Oscillogram. 
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-t&Y+lJix*  capability  than  the  VABlUaHD 
TZimk\xz t  one  or  two  satellites 

Is^tnstruaentS  -which  are  now  scheduled 


Members  of  ibe  pA 3 e-^F  Xzl3^3&liis tic  Missile  Agency  at  Hunts¬ 
ville,  lomerly  of  tbe  SuijBfa  jtiBkle  Development  Division  at  Bedstone 
Arsenal,  hare  been  thel^tical  investigations  of  satellite 

projects  for  nany  years.  JKhe  posal^jity  of  building  and  launching 
a  snail  satellite  as  par^pof  the  d&Mopaent  work  assigned  to  that 
group  became  apparent  idFl95>4.  In  Sqfcgsiber  of  that  year,  Dr.  wan 
3rann  wrote  a  aonor  _tr.ua  in  chi  on  he  United  out  that  a  -wn«n  satel¬ 
lite  could  be  succ&~  ..f^u y  lawr.tbad  witaGbi  i3lle3  and  other  components 
which  existed  at  that  %j>3e  .  The  proposaJ^aa  based  on  the  23DSTC53 
high  Altitude  '':?■!■  '  ■  3?,  A  H3)G?CB5  Mirage  with  slightly  elengatei 

tanks,  a  ilg..twr  ;.  i  aai  a  siuplifie«control  system.  Two 

missiles  ni  .7  nnd  29,  had  been  aside  in  April  1954, 

for  specie  .ert.-;,  ••*.  epper  stages  of  soinLpropellanh  rr^kets, 
in  coabina.td5.-n  -  itc^he  RZDSKSg  booster,  were  found  capable  of 
orbiting  a  payloac  fc  several  pounds.  number  ofc  studies  on  per- 
foroances,  orbits.  jti.stiaes,  tracking,  instrumentation,  and  staging, 
supported  the  pro-xiai. 
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